The need for a temporary substitute for renal function has been emphasized recently by the report from battle fronts of a high incidence of fatal uremia in the severely wounded following kidney shutdown in the post-operative and post-transfusion period. It is probable that the acute renal damage of wounded men and in some other conditions is reversible, so that death from uremia might be prevented if retention products could be excreted through an extra-renal outlet during the healing period. Three ways of decreasing uremia by extrarenal excretion have been suggested in the past: (1) excretion through the intestinal tract, by gastro-duodenal suction and the production of diarrhea, and through the skin by the production of sweating; (2) "vivi-difusion," by which the circulating blood is submitted to dialysis outside the body and returned to the circulation (1 to 3); (3) peritoneal dialysis, by which fluid, introduced into the peritoneal cavity and allowed to equilibrate with the blood, is afterward removed with nitrogenous and. other diffusible substances (4 to 6).
The peritoneum is an efficient dialyzing membrane (7) , but utilization of this function for the treatment of uremia (4, 6, 8) to date has not been applied with success.2 To determine whether this method can be made practical for clinical use, studies have been made on man and animals. This report deals with the experimental data in dogs. 1 The work described in this paper was done under a contract, recommended by the Committee on Medical Research, between the Office of Scientific Research and Development and Harvard University. 2 A sucessful clinical application of the method described in this paper has been reported In the long term experiments water was offered freely. Protein intake was maintained, when the dog refused to eat, by forced feeding of raw eggs. Glucose, saline solution, vitamin B complex, vitamin C, penicillin and sodium sulfadiazine were given intravenously daily, and whole blood transfusions whenever they were considered necessary. In the intervals between irrigation periods the dogs were removed from the table and pernlitted to walk. Temperature, body weight and gross and microscopic appearance of the drainage fluid were obselved.
8 It is important not to heat the bicarbonate solution with the other salts and glucose because of precipitation of calcium and magnesium salts and the production from glucose of toxic substances (probably aldehydes) which in early experiments caused severe vomiting and occasional eosophageal ulceration, rupture and death.
D. Determination of blood urea clearance
In order to compare the efficiency of peritoneal irrigation with kidney function, blood urea clearance by both routes was determined from the equation (9) (1) Cm = where Cm is the maximum blood urea clearance in ml. per minute U =urea nitrogen concentration of urine or peritoneal drainage fluid in mgm. per cent V = rate of flow of urine or peritoneal fluid in ml. per minute B = urea nitrogen concentration of blood in mgm. per cent The usual collection period for urine or peritoneal fluid was 1/2 to 1 hour. Blood specimens were taken at the beginning and at the end of each collection period and an average blood concentration was calculated. The peritoneal cavity was irrigated for % hour at each new rate of irrigation before determining the clearance.
E. Intestinal loop and pleural irrigation
To compare the dialyzing efficiency of the peritoneum with other membranes, a few irrigation experiments were performed in dogs with isolated loops of intestine prepared under ether or local anesthesia and studied immediately or, as in one experiment in which the remaining intestine had been anastomosed, after recovery. Irriga-.tion was performed through catheters placed in the ends of the intestinal loop.
In a single experiment, the pleural cavity was irrigated by two catheters, one placed between two upper ribs, the other just above the diaphragm, with the dog lying supine.
F. Chemical methods
The arterial blood pH was measured before clotting in a syringe electrode with a Beckman potentiometer. The blood urea nitrogen was measured by the method of Karr (10) using the Klett-Summerson photoelectric colorimeter. The urea content of a protein-free filtrate of the fluid recovered from the peritoneal cavity was determined by the same method except that when cloudiness was produced by the calcium and magnesium salts, the period for color development was shortened.
RESULTS
A. The effect of rate of irrigation on blood urea clearance Peritoneal irrigation with physiologic saline was performed at different rates of flow in two dogs nephrectomized under local anesthesia. Immediately after nephrectomy urea was injected intravenously. The flow rates ranged from 6 to 150 ml. per minute. The dogs lay on their backs during the experiments. The blood urea clearances so determined were plotted against the flow rate ( Figure 1 , curves A, Dogs U3 and U4). The optimum rate of flow for maximum clearance was 25 to 50 ml. per minute.
A similar study was made, using the modified Tyrode's solution in two non-nephrectomized dogs from which the omentum had been removed under ether anesthesia and which were kept prone during the experiments (Figure 1 , curves B, Dogs U24 and U25). It will be noted that the blood urea clearances were higher in those than in the previous experiments but the optimum flow rate was about the same, 30 to 50 ml. per minute.
The higher clearances for Dogs U24 and U25 were due to the position of these dogs and not to -the fact that they were not nephrectomized, as subsequent experimental data will show (Table  I ). In the prone position the abdomen tended to be more uniformly filled and the dependent viscera and mesentery probably prevented short-circuiting currents from forming between the inflow and outflow catheters. 15.
sL14 . That the peritoneal urea clearance did not change significantly after days of irrigation may be noted from the data given in Table I. C. Treatment of uremia by peritoneal irrigation Untreated dogs usually die in uremic convulsions 72 to 120 hours after bilateral nephrectomy (15) . Since some of our untreated dogs died as early as 48 to 72 hours after nephrectomy, peritoneal irrigation was started within 48 to 96 hours after bilateral nephrectomy, at a time when the blood urea nitrogen varied from 100 to 250 mgm. per cent, and when the dog was in a pre-convulsive state with vomiting, twitching, and mental stupor. Irrigation was interrupted from time to time to determine the minimal flow requirements for the prevention of uremia.
Blood urea nitrogen levels in 15 dogs dropped from 100 to 250 mgm. per cent to 20 to 50 mgm. period the arterial blood pH, which in several dogs had varied from 7.05 to 7.20 before irrigation, rose to 7.40.
Once the blood urea levels had dropped to near normal, irrigation for only 8 to 10 hours out of every 24 was needed to prevent excessive accumulation of nitrogenous products and the recurrence of uremic signs. In Figures 2 to 4 , which are charts of the three longest experiments, the blood urea nitrogen levels are those determined daily before the start of irrigation and represent the highest levels reached each day. (Table II) in which a recovery period of several days was allowed before irrigation was performed. In one experiment (UG-2) simultaneous renal urea clearance was determined. -All dogs received urea (2 grams) intravenously. Table II shows that the clearance per 10 inches of intestine was best in jejunum, amounting to about 10 per cent of kidney function. In one human experiment with an isolated loop of terminal ileum, the clearance was too low to indicate that the intestine can be useful as a renal substitute, because over 10 feet of bowel as an isolated segment would be required to supply 10 per cent of maximum normal renal dearance (75 ml. per minute).
E. Blood urea clearance by irrigation of the pleural cavity Irrigation of one pleural cavity in one dog (PU-1, Table II ) following intravenous injection of urea resulted in a blood urea clearance of 2.8 ml. per minute, or about % of that obtained by peritoneal irrigation. The lung at post mortem was found partially collapsed. DISCUSSION Since crystalloids in circulating blood readily diffuse into fluid placed in the peritoneal cavity (4, 7, 16 to 20) considerable amounts of nonprotein substances can be removed from the blood in uremic animals (4, 6, 8) . In one of the earliest attempts to utilize peritoneal dialysis for the treatment of clinical and experimental uremia (4), saline was introduced into the peritoneal cavity (in one case into the pleural cavity) and transient clinical improvement was observed, in that headache, vomiting, dyspnea, and depth of coma decreased for a few hours. In small uremic animals the repeated introduction into and removal of saline from the peritoneal cavity at 3 hourly intervals prolonged life for about 12 hours.
In another study (5) continuous irrigation of the peritoneal cavity of nephrectomized dogs with 5 per cent glucose solution was conducted for 5 hours per day for 2 to 3 days. The blood nonprotein nitrogen was lowered from 140 mgm. per cent to 80 mgm. per cent in many instances. But the animals did not survive longer than 3 days after therapy started. Death was said to have resulted from shock and "heart weakness," without evidence of peritonitis. It is more likely that death was due to loss of electrolytes, since electrolytes were omitted from the irrigating fluid.
Another worker (6) found that significant amounts of nitrogenous substances could be removed from the blood of nephrectomized dogs by introducing 700 to 1000 ml. of 6 per cent glucose solution into the peritoneal cavity and removing the remaining fluid (usually 500 ml.) about 5 hours later. The failure to prolong life was attributed to the severe depletion of sodium chloride which occurred concurrently.
In several clinical trials (8) of peritoneal irrigation for uremia due to mercuric chloride poisoning, using 12 to 19 liters of 2 to 5 per cent glucose solution in one half to three hours the first day, no survival beyond 24 hours was obtained even though electrolyte depletion was prevented by intravenous therapy. In our view irrigation was not carried on for a sufficient period.
The extent to which intraperitoneal infusions of glucose for the withdrawal of diffusible substances can deplete the organism of electrolytes has been shown by one investigator (21) , who introduced 5 per cent glucose intraperitoneally in a volume about equal to 10 per cent of body weight. It was found that without a change in total body water volume, the total electrolyte concentration in body fluids was reduced (20 per cent of total sodium) and water was transferred from the extracellular to the intracellular compartment with resulting production of symptoms of acute dehydration.
It should be obvious that if the normal electrolyte pattern of the extracellular fluid is to be reestablished, the irrigating fluid must have a normal electrolyte pattern. There is reason to believe that in uremia "the defense of the chemical structure of extracellular fluid is of much more importance from the point of view of survival than reduction of azotemia (22) ." In our experiments, an irrigation formula containing the normal electrolyte pattern of extracellular fluid was used. Irrigation lasted 20 hours daily for 2 days and 8 to 12 hours daily thereafter. The improvement in the clinical appearance of these animals following peritoneal irrigation, the drop in blood urea levels, the correction of acidosis, and the prolongation of life for from 9 to 13 days after nephrectomy, seems to us to afford good evidence that the irrigating fluid we utilize at least approximates the optimum fluid and electrolyte requirements in the circumstances.
Since the peritoneal irrigation fluid resembles a glomerular filtrate more closely than it resembles urine, it is reasonable to expect that an irrigation volume equal to or greater than that of the glomerular filtrate would be required to treat uremia. 2. The optimum rate of flow for peritoneal irrigation in dogs was determined.
3. The irrigation fluid utilized was designed to restore and maintain the normal electrolyte composition of the plasma and the extracellular fluid, to correct acidosis, to prevent depletion of glucose and to minimize fibrin formation and the development of infection of the dialyzing membrane.
4. The life of dogs made uremic by nephrectomy was prolonged 3 to 10 days by means of peritoneal irrigation.
5. Dogs so treated did not die of uremia, but from bacterial contamination along catheter tracts. 6 . Irrigation of isolated loops of intestine was much less effective than peritoneal irrigation.
